Background and Aims. and Doppler echocardiography are the main methods for the non-invasive evaluation of ventricular function in children. Our study monitored the evaluation of systolic and diastolic function in pediatric patients, using classical echocardiographic parameters and pulsed tissue Doppler parameters, as well as the correlation between these.
INTRODUCTION
Two-dimensional (2D) and Doppler echocardiography are techniques for the measurement of the global function as well as of the regional ventricular function. Parameters of the systolic function such as the ejection fraction, the shortening fraction and myocardial deformation indicate changes in the ventricular size, while dP/dt, the myocardial performance index and tissue velocities are based on Doppler techniques. The most frequently used echocardiographic parameters in clinical practice for the study of the global left ventricular (LV) systolic function are the shortening fraction and the ejection fraction, most frequently determined by two-dimensional echocardiography and 2D guided M mode [1] . Another indicator of the longitudinal and global systolic function, with prognostic value, is represented by the mitral annular plane systolic excursion (MAPSE) [2] .
The diastolic ventricular function was less understood in the past, being more rarely evaluated in pediatric pathology. The interest in this field has progressively increased. The increase in LV filling pressures represents the final common pathway to heart failure. For this reason, the evaluation of LV diastolic function is an important stage in the diagnosis, the monitoring of therapy and the evaluation of prognosis in heart failure. Over the past years, Doppler echocardiography has demonstrated its usefulness in the non-invasive evaluation of the LV diastolic function, being an easily accessible method. At present, the majority of the information related to LV protodiastole is derived from the Doppler evaluation of the transmitral and transvenous pulmonary flow [3] .
The left ventricular flow propagation velocity from the annulus toward the apex in diastole (Vp) using color Doppler is another indicator of ventricular relaxation. Studies have shown that Vp is relatively independent of preload, being influenced in the highest proportion by left ventricular relaxation [4] . Over the past years, a particular interest in the evaluation of right ventricular diastolic function has also been noted. Right ventricular filling can be assessed similarly to left ventricular filling by Doppler echocardiography, by calculating the tricuspid flow and systemic venous flow indices. Their calculation can be limited by preload changes and intrathoracic pressure changes with respiration. In the case of systemic venous flow velocities, their age independence was noted compared to other Doppler parameters. The Doppler systemic venous flow pattern is influenced by arterial hypertension, tricuspid valvular dysfunction, pericardial diseases and cardiac arrhythmias [5] . A complementary method to the standard method for the evaluation of diastolic ventricular function is the measurement of myocardial velocities by pulsed tissue Doppler.
Although in adults it is already well implemented in clinical practice, in children this method is still at an early stage. However, an increasing number of publications in the field evidence the importance of TDI parameters in the evaluation of diastolic function in children. The reference values of TDI velocities in healthy children were published by Eidem et al. in 2004 [6] . Tissue Doppler imaging is little used in pediatrics and physiological norms have not been established in children. However, the few published studies consider that tissue Doppler imaging is feasible in pediatric cardiology.
TDI velocities can be measured by both pulsed Doppler and color Doppler, allowing the evaluation of systolic and diastolic function. Pulsed Doppler velocities are approximately 20% higher than color Doppler velocities [7] . In the case of the analysis of longitudinal and radial myocardial function, velocities are higher at the base of the heart and at endocardial level, decreasing progressively towards the apex, the epicardium, respectively. Diastolic ventricular function is determined by the evaluation of the longitudinal movement at the level of the mitral, tricuspid and septal annulus, with the calculation of early and late diastolic velocities (2 negative waves: Ea or E'; Aa or A' respectively [8, 9] . TDI diastolic velocities at both the mitral and tricuspid annulus represent a marker of ventricular relaxation, being relatively independent of ventricular geometry and preload, unlike transmitral and transtricuspid flow parameters [10] [11] [12] [13] .
In children, TDI velocities vary with age, heart rate, the myocardial layer and region, and cardiac growth (telediastolic dimension and left ventricular mass) [14] . In pediatric pathology, the main causes of congestive heart failure (CHF) are represented by congenital heart disease. In these cases, ventricular geometry, predominantly right ventricular geometry, can be deeply altered. The standard parameters for the evaluation of ventricular function lack accuracy in these situations, TDI velocities becoming indicators with a superior value due to their relative independence in relation to ventricular geometry [15] .
AIM OF THE STUDY
The aim of the study was the evaluation of systolic and diastolic function measured by conventional echocardiographic methods as well as by pulsed tissue Doppler parameters, with the presentation of some study features in healthy pediatric patients and in patients diagnosed with CHF secondary to congenital heart malformations.
MATERIAL AND METHOD

PATIENTS
This study included 27 pediatric patients, divided into: group 1, the control group, including 18 patients with a normal LV ejection fraction, and group 2, formed by 9 patients diagnosed with CHF NYHA III, IV, with an impaired LV ejection fraction. The group of patients with CHF included patients with congenital heart malformation with a recent history of at least one echocardiographic examination certifying the cause of heart failure.
METHODS
The systolic and diastolic function parameters were measured by 2D echocardiography, M mode, color and pulsed Doppler, as well as by pulsed tissue Doppler at the level of the mitral and tricuspid annulus.
• -the maximal systolic velocity at the level of the septal and lateral mitral annulus and lateral tricuspid annulus, by tissue Doppler (S'), in 4 chamber apical section.
•
LV diastolic function was evaluated a) by the Doppler method, determining the following parameters:
-the maximal velocity of early diastolic filling (E), the maximal velocity of late diastolic filling by atrial contraction (A) and the E/A ratio;
-the E wave deceleration time (EDT), the duration of ventricular filling by atrial contraction measured at the level of the mitral annulus (Adur),
b) by the tissue Doppler method, determining the following parameters:
-the maximal early (E') and late diastolic velocity by atrial contraction (A') at the lateral and septal mitral annulus and at the lateral tricuspid annulus in 4 chamber apical plane, E'/A' ratio; c) by color M mode, determining the following parameters:
-the LV flow propagation velocity from the annulus towards the apex in diastole (Vp).
RESULTS
• Comparative analyses of E and A transmitral flow velocities, of mitral and tricuspid annular plane systolic excursion, as well as of LV flow propagation velocity Vp were performed in both groups (Tables 1, 2 ). The Student test shows statistically significant differences in E values between the two groups (p < 0.001). The Student test shows statistically significant differences in EDT between the two groups (p = 0.01< 0.05) ( Table 3 ). The statistical analysis of Vp values evidences significant differences in Vp between the groups (p < 0.001).
A synthesis of the results of the above statistical calculations evidences a relaxation alteration pattern or a pseudonormal pattern of E diastolic velocity compared to the A wave (E = A; E > A) in the group of subjects with CHF compared to the control group. The E wave deceleration time, EDT, had significantly higher values in patients of the CHF group, correlating with diastolic dysfunction present in patients with CHF. Vp was decreased in patients of the CHF group (Table 4) , the E/Vp ratio being maintained relatively constant between the two groups, most probably on account of the concomitant alteration of the E wave. In the case of the mitral and tricuspid annular plane systolic excursion (MAPSE, TAPSE), there were no significant changes between the two groups of patients.
• The tissue velocities obtained by pulsed Doppler E', A', S' at the 3 levels: lateral mitral annulus (lat), septal mitral annulus (sep), tricuspid annulus (dr) were also compared in healthy patients with normal LVEF and in patients with CHF, with impaired systolic function (Tables 5, 6 ). A significant decrease, Student test, p < 0.05 (Table 7) , was found in tissue velocities both at the lateral and septal mitral annulus (except for A' sep), as well as at the lateral tricuspid annulus (except for A' dr), in patients with cardiac dysfunction of the CHF group compared to the control group. Legend: M.D. = mean of differences; S.E. = standard error. Table 5 Comparative mean values of tissue velocities in the control group and the study group; E'sep, A'sep, S'sep -E', A', S' velocities at the septal mitral annulus; E' lat, A' lat, S' lat -E', A', S' velocities at the lateral mitral annulus; E'dr, A'dr, S'dr -E', A', S' velocities at the tricuspid annulus 
Control group (normal LVEF) Group with CHF (low LVEF)
Table 6 Comparisons between the groups -tissue velocity values in the control group and the group with CHF; E'sep, A'sep, S'sep -E', A', S' velocities at the septal mitral annulus; E' lat, A' lat, S' lat -E', A', S' velocities at the lateral mitral annulus; E'dr, A'dr, S'dr -E', A', S' velocities at the lateral tricuspid annulus
DISCUSSION
The correlation between standard parameters and tissue Doppler parameters for the measurement of the global systolic and diastolic ventricular function in both healthy pediatric patients and patients with CHF was also emphasized in this study. Some conventional parameters of the diastolic function were maintained within normal or pseudonormal values in patients with heart failure, the diastolic dysfunction being confirmed in these cases by TDI measurements and their correlation. A decrease in Vp and E velocity, as well as a significant increase in EDT in patients diagnosed with heart failure were found, which shows the reliability of these parameters in the evaluation and quantification of left ventricular diastolic dysfunction in children. Tissue Doppler velocities underwent significant changes in patients with heart failure, the systolic and diastolic dysfunction assessed by standard echocardiographic measurements (2D, M mode, Doppler) being confirmed by tissue Doppler parameters. This also certifies the validity and reproducibility of tissue Doppler velocities in clinical practice.
Studies of the atrial and ventricular filling pattern in children have identified variable models of diastolic transmitral and pulmonary venous flow, which seem to correlate with age. The greatest changes in the diastolic pattern occur in newborns and infants, when ventricular filling predominantly occurs during atrial contraction, evidencing in this way a low E velocity and E/A ratio. Thus, this pattern is equivalent to the altered relaxation or low compliance pattern. The transvenous pulmonary Doppler flow is also changed in young infants, evidencing high systolic velocities, low diastolic velocities and a high ratio between systolic and diastolic velocity compared to those found in older children. These changes that occur in the neonatal/ infant period seem to reflect the differences in the diastolic properties of the immature myocardium [16] . At birth, the left ventricular relaxation properties seem to be severely affected, which is reflected by a prolongation of the isovolumic relaxation time and a limited rapid transmitral filling flow, diastolic filling predominantly occurring during atrial contraction [17, 18] . This pattern undergoes rapid changes during the first two months of life, after which changes become significantly slower. Similar changes were seen in the case of the transtricuspid flow in newborns [19] . TDI parameters at the level of the mitral annulus seem to follow the same pattern in the newborn, but the tissue velocities seem to return to normal within 7 days of life [20] . In contrast, tissue velocities at the tricuspid annulus undergo no changes, which suggests a different adaptation of the right ventricle compared to the left ventricle. These changes progressively disappear with age, the diastolic pattern becoming similar to that found in adults.
Some studies performed in children with congenital heart disease associated with a chronic increase in LV preload have shown minimal changes in TDI velocities compared to those measured in healthy children [21] .
Previous tissue Doppler studies in adults have also shown that LV tissue velocities have a predictive value of survival in patients with CHF [3] . Vassalos et al. evaluated ventricular function changes measured by TDI parameters in 35 pediatric patients with congenital heart disease after repair surgery. The authors found a significant postoperative decrease in TDI velocities, a reduction of right ventricular TDI velocities associated with the degree of extension of myocardial injury measured by troponin I level, and an association between the low value of left ventricular TDI velocities and the increase in the duration of ventilation in intensive care. This might have a predictive value in the determination of postoperative evolution, as well as in the optimal timing of repair surgery for congenital heart malformations [22] . In certain cases, TDI allows a better evaluation of the RV, being a more sensitive method than serum BNP level and the ejection fraction [23] . TDI has recently shown that the abnormal ejection prefraction and subclinical systolic dysfunction can coexist with diastolic dysfunction in children with restrictive cardiomyopathy [24] .
Kiraly et al. studied 24 children with congenital aortic stenosis, demonstrating a significant decrease in longitudinal systolic and diastolic tissue velocities at the level of the posterior and lateral left ventricular walls [25] . Eidem et al. reported a series of 96 children with various degrees of congenital aortic stenosis and showed a significant decrease in early and late systolic and diastolic tissue velocities at the septal and lateral mitral annulus, the systolic-diastolic function parameters measured by standard methods being within normal limits. The patients with the highest transaortic gradients had the most significant decreases in tissue velocities, suggesting that postload influences to a great extent these tissue velocities [26] . Pauliks et al. evaluated 39 children with atrial septal defect both before and after the percutaneous repair of the defect, demonstrating a transient decrease of tissue velocities in all myocardial segments, which returned to normal after 24 hours. This might suggest a relative dependence of tissue velocities on ventricular filling conditions in this category of patients [27] . Other studies have suggested the fact that the relative dependence of tissue velocities on ventricular filling conditions in children with atrial septal defect is influenced by right ventricular size and compliance [28] . Tissue velocities were also studied in patients with the tetralogy of Fallot, showing a decrease after surgical correction and being correlated with the degree of pulmonary insufficiency [29] . The right ventricular reserve also proved to be low in these patients during submaximal exercise, being correlated with the decrease of tissue velocities at the tricuspid annulus, with the degree of pulmonary insufficiency, as well as with high atrial natriuretic peptide levels [30] .
Tissue Doppler echocardiography also proved to be useful in other diseases.
McMahon et al. performed standard echocardiographic and TDI studies in children with dilated cardiomyopathy and in those with hypertrophic cardiomyopathy, in order to determine the predictors of adverse clinical events (defined as death, heart transplantation or hospitalization). In children with dilated cardiomyopathy, only early diastolic velocity at the tricuspid annulus Ea < 8.5 cm/sec and LVEF < 30% represented negative prognostic predictors in multivariate analysis [31] . In children with hypertrophic cardiomyopathy, the septal E/Ea ratio proved to be a significant unfavorable prognostic predictor [32] . Other studies have shown the utility of TDI parameters in the early identification of heart transplantation rejection in pediatric patients [33, 34] . The applicability of tissue Doppler extends to the evaluation of early and late cardiotoxic effects of anthracyclines in pediatric oncologic patients [35, 36] .
However, as future research directions, studies should focus on the limitations of the TDI method [37] in general: the dependence on the interrogation angle, the difficulty in examining all segments, the influence of the translation movement and the impossibility to exclude the passive movement of the heart. The literature reports that the limitations determined by the translation movement and the passive movements of the heart are eliminated by myocardial strain rate imaging [38] .
CONCLUSIONS
In children with heart failure, some conventional diastolic function parameters were maintained within normal or pseudonormal values, diastolic dysfunction being confirmed in these cases by TDI measurements.
Among conventional parameters, EDT and Vp were noted, which underwent changes in the sense of a significant increase and decrease, respectively, in patients with heart failure.
In pediatric CHF secondary to congenital heart malformations, a decrease in systolic and diastolic TDI parameters is found.
Tissue Doppler imaging can be used both independently and in association with conventional echocardiographic parameters for the confirmation or the diagnosis of systolic-diastolic dysfunction in children.
